Introduction
Biotin-thiamine responsive basal ganglia disease (BTBGD) also referred to as thiamine metabolism dysfunction syndrome 2, is a rare, likely under diagnosed, autosomal recessive neurometabolic condition (OMIM 607483). It was first described by Ozand et al. in 1998 as biotin responsive basal ganglia disease (BBGD) in patients with subacute encephalopathy; progressing to dystonia, quadriparesis and death without treatment of biotin [1] . The disease was mapped to 2q36. 3 
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Molecular Genetics and Metabolism Reports j o u r n a l h o m e p a g e : h t t p : / / w w w . j o u r n a l s . e l s e v i e r . c o m / m o l e c u l a r -g e n e t i c s -a n d -m e t a b o l i s m -r e p o r t s / thiamine transporter-2 gene, SLC19A3, thus making BTBGD a more appropriate name [2, 3] . The majority of patients described in the literature are Saudi Arabian; however individuals of Portuguese, Spanish, Canadian, Moroccan, Yemeni, Indian, Lebanese, Japanese and Syrian ancestry have also been reported [4] [5] [6] [7] [8] . Four different phenotypes have been described; infantile lactic acidosis with encephalopathy [9] , infantile epileptic spasms [10] , early childhood encephalopathy triggered by illness or trauma [1] , and Wernicke-like encephalopathy in the second decade [8] . Typical MRI findings include cortical, subcortical white matter lesions, and bilateral abnormal signal intensity in the basal ganglia with less frequent involvement of thalami, brain stem, cerebellum and cervical spine [1, 3, 5, 11] . Due to the similarity of clinical, biochemical, and MRI findings, BTBGD can be misdiagnosed as a mitochondrial disease [4] .
Case report
Our patient was the second daughter of healthy non-consanguineous mixed ancestry parents (Mexican and Irish/Scottish/English). The perinatal course was uncomplicated. By 1 month, the patient had developed a social smile, head control, and appeared to turn towards sound and follow visually.
At 6 weeks of age, regression of developmental milestones was noted and the patient was admitted to the hospital with lethargy, hypotonia, and poor feedings. Additionally, the exam showed a weak cry, horizontal nystagmus, and generalized brisk hyperreflexia. She had an episode of apnea, requiring intubation and mechanical ventilation. MRI of the brain revealed diffuse bilateral T2 signal abnormalities and cystic-like lesions in the globus pallidi ( Fig. 1 , a-c). Increased levels of lactate were seen on MRS.
Although there were no clinical seizures, an EEG showed generalized burst suppression pattern and multifocal epileptiform discharges, initially treated with phenobarbital. Infectious diseases were ruled out. Biochemical analysis revealed elevated blood lactate at 3.8 mmol/L (nl 0.6-2.2) but CSF lactic acid was within normal limits at 1.6 mmol/L. Otherwise, the remainder of metabolic testing was negative. Specifically, quantitative urine organic acids did not show any abnormalities suggestive of mitochondrial disease, with alpha-ketoglutarate measured at 279 mmol/mol Cr (nl 29-636). Muscle histology and ETC. activities were normal.
The patient was started on thiamine (10 mg/day), pyridoxine, riboflavin, coenzyme Q10, and levocarnitine on the second day of admission, almost 1 week after symptoms were first noted. Six days later, the thiamine dose was increased to 40 mg/day (~10 mg/kg/day). Within 5 days of the increased thiamine dose, there was return of spontaneous activity and respiration; and patient was extubated. She was discharged at 9 weeks of age on the vitamin cocktail; tolerating oral feedings and without clinical seizure activity.
During a 3 month follow-up, acquired microcephaly and increased muscle tone were noted and the patient began to have myoclonic-like seizures, increasing in frequency around 6 months of age. A video-EEG demonstrated infantile spasms and hypsarrhythmia, with an electrode decrement pattern associated with the clinical spasms. She underwent 2 courses of ACTH due to infantile spasm recurrence which evolved into Lennox-Gastaut syndrome with multiple seizure types that were not responsive to medications. MRI at 6 months of age revealed brain atrophy, however there was improvement of the T2 signal hyperintensity (Fig. 1, d-f ). She temporarily regained head control; but regressed by 1 year of age.
The patient continued to have multiple admissions for intercurrent illnesses and seizures, requiring a tracheotomy and gastric feeding tube placement at 2 years of age. A repeat brain MRI showed worsening of the previous lesions (Fig. 1, g-i) . By then, the dose of thiamine of 40 mg/day was equivalent to 4.6 mg/kg/day.
Extensive laboratory investigations, including multiple molecular testing for mitochondrial disease, as well as pyruvate dehydrogenase complex activity, failed to identify the etiology of our patient's disease. Vitamin cocktail doses varied over time, with her thiamine ultimately decreasing to 25 mg/day. Over the years, she continued to be awake, but had minimal awareness of her surroundings, until her death at 12 years of age due to respiratory illness.
Whole exome sequencing (WES) was performed at Baylor College of Medicine, Medical Genetics Laboratory and confirmed compound heterozygous frameshift mutations in the SLC19A3 gene in trans; c.74dup (p.S26fs), previously reported, and c.81_82dup (p.M28fs), which is novel [7, 11] . Both mutations result in the insertion of a premature termination codon, suggesting that any mRNA that is synthesized will be degraded via nonsense-mediated RNA decay, unlikely to produce a functional protein product. The final MRI, completed at 2.5 years of age, showed worsening of the white matter, basal ganglia, and thalamic abnormalities (g). Increased cystic lesions and atrophy are shown in Flair (h). Worsening of the cerebellar white matter hyperintensities in T2 was also noted (i).
Discussion and conclusions
BTBGD is a relatively new entity with four different phenotypes described. We report a new patient, of Mexican and European ancestry, with clinical and radiographic manifestations consistent with the early-infantile form of the disease [10] .
Kevelam et al. categorized the brain MRI findings of the early infantile subgroup into: acute, post-acute, intermediate, and end stage phases [5] . Our patient's initial MRI abnormalities are similar to those reported in the acute phase. However, cystic lesions, which are described in later stages, were already present in our patient at 6 weeks of age (Fig. 1, a-c) [5] . These striking abnormalities suggest a more aggressive course than previously reported and is consistent with the predicted severity of the mutations. Both molecular defects identified in our patient are frameshift, and likely cause a non-functional or absent protein product. The c.81_82dup mutation is novel, whereas the c.74dup mutation has been reported, along with an intronic mutation, in patients with a late onset presentation [7, 11] .
Historically, patients with BTBGD presenting with the early childhood encephalopathy phenotype have shown clinical improvements with treatment of biotin (2-10 mg/kg/day) with or without the supplementation of thiamine (100-300 mg/day) [1, 4, 8] . This treatment strategy is supported by in vitro studies suggesting that high doses of thiamine and biotin restore insufficient thiamine transport by overexpression of SLC19A3 gene [6] . However, there are still limited reports in the literature on the efficacy of biotin and/or thiamine supplementation in patients with the early infantile form. Yamada et al. reported 4 patients who presented in early infancy with epileptic spasms, psychomotor retardation, along with characteristic brain MRI findings of progressive brain atrophy, bilateral thalami and basal ganglia lesions. The effect of treatment could not be determined in this report as only 1 patient in the cohort was treated, and that was with biotin (5 mg/kg/day) only [10] . Kevelam et al. described 7 patients with irritability, progressive spasticity, significant MRI findings, and death before 2 years of age. The only two patients reported to be treated in that group received a mitochondrial cocktail that included biotin but not thiamine, and did not show signs of improvement [5] . In contrast, Perez-Duenas, reported a patient with early infantile phenotype who improved clinically on treatment with thiamine (100 mg/day) and biotin (10 mg/day), and remained in good metabolic control for 6 months after biotin was discontinued [9] . Our patient's initial improvement was similar to the latter patient and could therefore be attributed to the thiamine treatment. However, the dose prescribed in our case was lower than recommended and further decreased overtime in relation to the patient's weight. This low dose was likely not enough for a sustained clinical improvement, although it may have contributed to her longer life span compared to other patients described with the early infantile form [5, 10] .
In summary, we expand upon the clinical and molecular description of BTBGD by presenting a new patient of a different ethnic background than previously reported, with two severe mutations including one novel, and striking early onset MRI findings. Our case highlights the clinical importance of including SLC19A3 gene defects as part of the differential diagnosis for mitochondrial disease, given that early supplementation with biotin and/or thiamine can improve the devastating progression of this condition and allow for appropriate genetic counseling.
